This paper builds a sustainable financing credit rating index system for small-and medium-sized enterprises in China from the perspective of sustainability. Then, a quantitative model for credit rating evaluation based on our index system is proposed by using fuzzy analytic hierarchy process (FAHP), which has the advantage of considering both quantitative and qualitative factors. Our numerical example shows that the index system is effective and practical. Our system improves the existing credit rating system to a certain extent. The evaluation method proposed can play an important guiding role for China's small-and medium-sized enterprises in the current transformation age. In particular, interested stakeholders can use this model to evaluate the investment risk of companies, especially with a focus on sustainability.
Introduction
In the age of globalization, the energy issue has become the central topic in areas of international politics, economics and environmental protection, and so on and even becomes the focus of international politics. The infinite consumption of oil, coal, and so on results in a large number of greenhouse gas emissions, which destroys the balance of the carbon cycle and brings a fatal blow to the earth [1] . According to the report in Nature in 2012, China's carbon emissions rank in the first place and account for 28% of the total emission. Thus developing low-carbon economy is the trend of the economic development in China. Held on November 25, 2009, China's state council executive meeting made a decision that by 2020 China's unit of gross domestic product (GDP) CO 2 emissions will be 40% to 45% lower than that in 2005. In 2012, the Eighteenth National Congress of the CPC proposes to promote conservation culture for the first time. As it says, "promoting the green development, circulation development and low carbon development" is an unavoidable future direction. This is not only the sublimation of understanding the importance of protecting the environment; it also shows that to take the path of green development has become a firm strategic choice of China.
At present, China has more than 50 million smalland medium-sized enterprises, which create 60% of gross domestic product (GDP) and the import and export and provide 80% of urban jobs. As the mainstay of economic development, small-and medium-sized enterprises are faced with various challenges when promoting green development. Especially some emerging technology enterprises have made significant contributions to the economy. However, they often get a lower credit rating by using the existing credit rating system to evaluate credit. On one hand, it is because of their smaller proportion of fixed assets; on the other hand, it is due to the existing credit rating system itself. While executing credit rating index system of enterprises, commercial banks currently take a fancy to solvency and profitability in their choice of rating method, the rating index, and the index weight but pay little attention to the development and innovation ability of enterprises. As a result, these enterprises are in an awkward position in the government's financial policy guidance and practice, so they are badly in need of some comprehensive, objective financial tools to guide and support their development, which conform to China's economic transformation of the current. Credit rating is an important part of the credit origination and can be used for risk prevention and control. Therefore, it is very important to propose a more appropriate credit rating quantitative model for small-and medium-sized enterprises' financing and financial services at the present stage.
The credit rating process represents a subjective assessment of both quantitative and qualitative factors of a particular object [2] . In earlier researches, the linear method is given priority to the credit evaluation by scholars. Altman [3, 4] used multivariate analysis to predict the financial crisis, and by way of stepwise multivariate analysis method, he established the value model and the ZETA model. Using Logit analysis in which the assumptions are relatively looser, Ohlson [5] established the prediction model and widened the sample difference between the experimental group and the control group for the first time, the results of which proved that the asset scale, capital structure, asset return rate, and short-term flows have statistical significance to evaluate the bankruptcy probability. Metz et al. [6] summarized the distribution of some common financial ratios of nonfinancial companies in North America and drew the following conclusions: fixed expenditure guarantee debt ratio, cash flow/sales revenue, profitability, sales stability, and average asset are all related to the strict monotone of credit grade, while the average return on assets and values approximate but are not strictly monotone of credit grade. And the average liquidity ratios (cash and equivalents/total assets) are not associated with credit grade; no matter whether the credit rating is higher or lower, the corporate liquidity ratios are higher on average.
Linear methods tend to require that the research object be linear and accord with normal distribution, but it is quite different from the reality, which has characteristic of being nonlinear and nonnormal in both financial data and nonfinancial data. The evaluation method above cannot measure comprehensively the credit status and the actual risk of China's small-and medium-sized enterprises. At the same time, for small-and medium-sized enterprises in China, there is extremely a lack of the data for modeling. This paper, considering the practical situation of small-and mediumsized enterprises in China and according to the systematic, independent, scientific, operable, and objective principle, argues that in the pursuit of companies' development, it is necessary for them to satisfy a balanced development of the three aspects: economic prosperity, environmental protection, and social welfare. This is based on Triple Bottom Line (TBL) theory for the sustainable development of enterprises put forward by Elkington [7] in 1998, the President of Sustain Ability in Britain.
Motivated by the above, this paper classifies and reconstructs the credit rating index system in the perspective of sustainable development. Furthermore, based on the new sustainable credit rating index system, we establish a credit rating quantitative model for evaluating small-and mediumsized enterprises by fuzzy analytic hierarchy process, which has the advantage of combining both quantitative and qualitative factors.
Sustainable Financing Credit Rating Index System for Small-and Medium-Sized Enterprise
Considering the sustainable financing credit rating index classification principles and the process of simplified evaluation for small-and medium-sized enterprises, this paper obtains the entire credit rating index value, by evaluating the indicators one by one reversely from the bottom to upper level, synthesizing step by step, calculating index evaluation value for each layer. From the perspective of sustainability, the system of credit rating index systems is divided into three categories: economic benefit index, social benefit index, and environmental benefit index. (1) The economic benefit is one of the important indicators to measure the enterprise's financial risk, which many scholars have given great attention to [8] [9] [10] [11] ; it is also an important index of enterprise credit rating. According to the related literature [5, 6] , we choose 9 evaluation indexes from production and business operation ability, profit ability, and innovation ability to apply; (2) Attig et al. [12] suggest that corporate social responsibility performance conveys important nonfinancial information. Social benefits are to make a contribution to the society and get some noneconomic returns. The international community generally believed that new responsibilities in the society should give enterprise connotation and value pursuit. Based on the stakeholder theory and [13] , we establish five categories and set up 18 indexes for social benefits of smalland medium-sized enterprises; (3) environmental issues outstanding makes it necessary for enterprises to improve the efficiency of their environmental management. Therefore, according to the requirements of the scientific outlook on development, we set up six environmental indicators. The specific settings for index system are shown in Table 1 .
A Quantitative Model for Credit Rating

The Credit Rating Index Hierarchy.
With representing credit rating, with reference to the existing evaluation criteria for credit rating indexes, this paper divides into three classes and nine levels: AAA, AA, A, BBB, BB, B, CCC, CC, and C. After standardization the values range between 0 and 1, as shown in Table 2 ; this paper builds the mapping relationship between credit rating quantitative indicators and qualitative evaluation level.
A Quantitative Model for Credit Rating Based on the Sustainable
Theory. This paper introduces the concept of membership degree by using fuzzy mathematics and makes the fuzzy evaluation of enterprises running state index quantitative; accordingly it constructs a fuzzy evaluation matrix for quantitative evaluation. Meanwhile, through the fuzzy analytic hierarchy process (AHP) to determine the fuzzy weights of indicators at the same level, adopting a bottomup sequence, this paper derives credit rating index value by using multilevel comprehensive evaluation method of reverse calculated comprehensive weighted evaluation; the basic process is as follows. 
Credit rating indicators Economic benefits
The production and business operation ability [5] Inventory turnover ratio Receivables turnover ratio Current assets turnover ratio
The profit acquisition ability [6] Trading profit Return on assets Innovation ability to apply New product sales income proportion Technical personnel proportion The intensity of R and D investment Industry development prospects
Social benefits
Responsible for shareholders, employees [13] Earnings per share Staff salary and welfare Occupational safety and health The customer's responsibility [13] The ability to manage customer complaints Green products, marketing On-time delivery rate
Liabilities to creditors [6, 13] Cash flow ratio Assets liabilities ratio Quick asset ratio Interest cover ratio Enterprise credit record Duty of partners [13] Account payable turnover rate Green purchase Enterprise strategic cooperative relationship stability Responsibility to the community, government, public welfare undertakings [13] Community activities expenditure accounts for profit ratio Community contribution rate of employment The government tax contribution rate Public welfare contribution rate Environmental benefits Ratio of energy utilization Utilization rate of product reuse Ten thousand yuan output value of "three wastes" emissions Investment in energy-saving and ejection-decreasing Green GDP productivity Environmental investment profit margins 
The Determination of Weights
(1) Judgment of Importance. Let ( , ) be the importance degree of and on the overall:
Regarding ( , ), Saaty recommended list method [14] , which is shown in Table 3 .
(2) To Construct Judgment Matrix. Let = ( 1 , 2 , . . . , ) be the set of all factors; according to the meaning in Table 1 , make comparison between every two factors of all it; get matrix = ( ) × .
(3) The Determination of Weight . According to the judgment matrix , calculate the maximum characteristic root max and the corresponding eigenvector = ( 1 , 2 , . . . , ) .
To normalize the processing of , get the weight set = ( 1 , 2 , . . . , ).
(4) Check Consistency. Check consistency according to CR = / . Among them, CR is the random consistency ratio of the judgment matrix, and is the consistence index of judgment matrix, = ( max − )/( − 1). is the modification value of consistency index, which is shown in Table 4 . If CR < 0.1, then judgment matrix has a satisfactory consistency and this weight distribution is reasonable. Otherwise, the judgment matrix needs to adjust until the satisfactory consistency is obtained. Let = ( 1 , 2 , . . . , ) be " " kinds of factors of the evaluation objects, and let = (V 1 , V 2 , . . . , V ) be " " kinds of the judgment for the state of each factor. Here exist two kinds of fuzzy sets; one symbolizes the importance of each factor in factors set which manifests the fuzzy weighted vector = ( 1 , 2 , . . . , ) . The other is a fuzzy relation, expressed as a fuzzy matrix × = × . These two fuzzy sets reflect people's values and preference structure. At present, the membership function comes out of a lot of statistical data and the analysis and conclusion of the expert's experience. According to credit rating index, this paper calculates the membership of 1 (AAA), 2 (AA), 3 (A), 4 (BBB), 5 (BB), 6 (B), and 7 (CCC, CC, C) for each evaluation index in ( = 1, 2, . . . , ), respectively, representing as
A Quantitative Model for Credit Rating Based on the Sustainable Theory.
Compute = (AR); then we can obtain a fuzzy subset = ( 1 , 2 , . . . , ) in . Finally, according to = (AR), we can conduct a comprehensive, objective, and integrated evaluation for the economic, social, and environmental benefits indexes of the credit rating indicators and the whole credit rating indexes.
Empirical Research
On the basis of the given index system of credit rating, this paper constructs a rating scale and conducts a credit rating for some emerging science and technology enterprises in Hunan. According to the evaluation results of ten evaluation experts, use Matlab software to analyze data processing, and the results of the analysis validate the validity and the practicability of the evaluation model. Take an example of one expert's evaluation results of the indexes under the environmental benefits; the weights are given in Table 5 .
We get max = 6.61, = 0.122, = 1.24 (by Table 4 ), and CR = / = 0.098 < 0.1. The consistency of judgment matrix is satisfactory and it shows that the weight allocation is reasonable. Calculate the weighted score of ten experts; we obtain the following result: 
The same as above, we get 1 = 0.8293, 2 = 0.80485. According to the analytic hierarchy process, the index weight for the second layer relative to the first layer is = [0.594 0.249 0.157] .
Mathematical Problems in Engineering 
Therefore, we can conclude that the credit rating of the enterprise at that time is AA level and the evaluation result is basically in accord with the practical operation of the enterprise.
Conclusion
Credit rating for small-and medium-sized enterprises is quite complex because of many fuzzy factors involved. Based on the background of industrial economic transformation in China and the theory of sustainability and by using the fuzzy analytic hierarchy process, this paper constructs a set of practical credit rating index systems and a quantitative model for credit rating, which has certain practical significance.
Since the establishment of the credit rating index system has a strong correlation with actual situation, in view of the small-and medium-sized enterprises in different industries, further studies of the rating index and index weight are needed.
